Angiogenesis is a main process that helps in the growth and survival of many haematopoietic neoplasms one of them is non-Hodgkin's lymphomas (NHLs). Both the vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF), are key initiators of angiogenesis, they can act by direct stimulation of tumour cells or by influencing the surrounding microenvironment. Previous studies suggested that their expression affected the course and progression of the disease. The current study aimed to reveal the relationship between the genotyping of VEGF and bFGF genes and the susceptibility to NHL and its' association with disease course and prognosis. PCR-RFLP technique was used for detection of VEGF (rs3025039), and bFGF (rs308395) mutations in 40 NHL patients and 40 healthy individuals as a control group. Patients carrying the mutant T allele of VEGF gene were more than twice more susceptible to NHL (OR= 2.714, p=0.039), and its presence was also significantly higher in patients with B symptoms (p< 0.001). Moreover, the polymorphic VEGF was significantly higher among patients who did not respond to treatment (42.1%) (p= 0.017). The presence of the polymorphic bFGF mutant G showed significantly higher susceptibility to aggressive histological subtypes of NHL compared to those with indolent subtypes (p= 0.010, OR 17.818), and compared to normal controls (p= 0.014, OR 3.818). These findings imply that polymorphism of angiogenic factors such as VEGF and bFGF are related to clinical characteristics and histological subtype of NHL, which showed prognostic significance that might serve as future markers for tailoring treatment and monitoring response in these patients.
INTRODUCTION
Non-Hodgkin's lymphomas (NHLs) are a heterogenous group of lymphoproliferative malignancies having various behaviors, clinical presentations, disease course and prognosis. Many biological and clinical factors affect the clinical course and the treatment decisions. Biological mechanisms influencing to the course of NHL are still not fully understood. 1 The growth and progression of lymphoma might be augmented by angiogenesis. Both vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) are key players in this process. The VEGF is a powerful mediator of angiogenesis both by autocrine stimulation of tumour cells in addition to its paracrine influence on proangiogenic tumour microenvironment. 1 International Journal of Hematology and Oncology Some studies reported that the VEGF expression reflected the proliferative activity in lymphomas. Because of the heterogeneity of the disease, its variable classifications and different methods of analysis; it is controversial if the enhancement of microvessel density and the proangiogenic factors can be of predictive value for prognosis in NHL. 2 The human VEGF gene is located on chromosome 6p21.3 it is formed of 8 exons separated by 7 introns. 3 Studies have described many different single nucleotide polymorphisms (SNPs) in the VEGF gene. 4, 5 While the human bFGF gene is located on chromosome 4. 6 Polymorphisms in the promoter region of the bFGF gene can interfere with the binding sites oftranscription factor or may produce new binding sites and, therefore, influence bFGF biological activity. 7 In the current study, we analysed the C to T substitution at position 936 in the 3'-untranslated region of the VEGF gene, together with the C to G substitution at position −921 in the promoter region of the bFGF gene, in an attempt to reveal if their substitution is associated with susceptibility to NHL or agressiveness of the disease in Egyptian patients.
PATIENTS and METHODS

Patients and Controls:
The present study was conducted on 40 NHL patients (23 males and 17 females; aged 24-75 years, mean age 47.5 years). Patients were recruited from the Department of Oncology, Beni-Suef university hospital. Forty age and sex matched healthy individuals of both sexes served as controls. . Informed consents were obtained from patients and controls in advance. The study was approved by the Research Ethical Committee of Faculty of Medicine, Beni-Suef University and was conducted in accordance with the Helsinki Declaration of Human Rights. The patients' characteristics and clinical data are shown in Table 1 .
VEGF and bFGF Genotyping: From each patient and control, 3-5ml of venous blood was collected on EDTA and stored at -20° C until DNA extraction was done. The VEGF and bFGF alleles were detected using a polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP). Amplification of both the VEGF gene; (rs3025039), and the bFGF gene promoter region; (rs308395) was done in the chosen PCR conditions. 8 Then the PCR products were digested by the restriction endonucleases; N1aIII and BseNI specific for the VEGF and bFGF polymorphisms, respectively. The products were then analysed by electrophoresis on 2% agarose gel. For the VEGF genotyping, patients lacking the N1aIII site were considered homozygous for the C allele, moreover for the bFGF genotyping, patients lacking the BseNI site were considered homozygous for the bFGF C allele. Patients' genotype was detected according to their pattern of electrophoresis. Three 
Statistical Analysis
Data were coded and entered using the statistical package SPSS version 24. Data was summarized using mean and standard deviation for quantitative variables and frequencies (number of cases) and relative frequencies (percentages) for categorical variables. Comparisons between quantitative variables were done using unpaired T test. 9 For comparing categorical data, Chi square (χ 2 ) test was performed. Exact test was used instead when the expected frequency is less than 5. 10 Genotype and allele frequencies were calculated in the disease and the control groups. Odds ratio (OR) with 95% confidence intervals was calculated using logistic regression. 11 P-values less than 0.05 were considered as statistically significant.
RESULTS
The mean age in our cases was 47.50 ±11.80 years, while control group had a mean age of 38.47±10.31 years. Different patient clinical and laboratory characteristics are listed in Table 1 .
Genotyping:
The VEGF wild type (CC), heterozygous (CT) and homozygous (TT) were detected in 52.5%, 42.5% and 5% of NHL patients, respectively. The bFGF wild type (CC), heterozygous (CG) and homozygous (GG) were detected in 62.5%, 32.5% and 5% respectively . The frequencies of different genotypes in both genes among cases and controls are shown in Table 2 .
VEGF gene:
Comparing the different genotypes, in both the group of patients and healthy subjects, showed that the VEGF gene polymorphism was associated with NHL susceptibility, as the mutant VEGF was significantly higher among NHL patients with more than double susceptibility to the disease than individuals not carrying the polymorphism (OR= 2.714, p= 0.039).
The VEGF heterozygous genotype CT showed significant susceptibility to NHL (OR= 2.698, p= 0.047), while the homozygous genotype didn't express statistical difference (OR=2.857, p= 0.404). The mutant T allele showed a higher frequency in patients (26.2%) than controls (13.8%) but it wasn't statistically significant (OR= 2.233, p= 0.051) Table 3 .
In 26 patients who suffered from B symptoms 18 (94.7%) had statistically higher carriers of VEGF polymorphic T allele versus 8 (38.1%) who didn't (p< 0.001).
bFGF gene:
Mutant bFGF genotypes frequency whether heterozygous or homozygous didn't show statistical difference when comparing patients and controls (p= 0.203, p= 0.860).
Moreover it is worth noting that, the frequency of the polymorphic alleles of the bFGF (G) was higher in NHL patients (21.2%) versus 15% in control group, but this difference didn't reach statistical significance (OR= 1.529, p= 0.307) Table 3 .
Analysis of combined genotype presentation, significant susceptibility to NHL was detected among patients carrying the heterozygous genotype of both genes (CT+CG), (OR= 6.00, p= 0.039) Table 4 .
On the other hand there was no significant difference between patients with wild and mutant genotype of bFGF regarding the presence of B symptoms (p= 0.123)
Patients carrying mutant forms of bFGF had significantly higher susceptibility to aggressive NHL compared to those with indolent disease (p= 0.010, International Journal of Hematology and Oncology OR 17.818), and the same relationship was detected on comparing to normal controls (p= 0.014, OR 3.818) Table 5 .
Patients characterized by IPI 3 and/or 4 were more frequently carrying the VEGF polymorphism (100%) compared with patients with IPI 1and /or 2 (25%). Moreover, the polymorphic bFGF was more frequent among patients with IPI 3 and/or 4 (33.3%) than controls (25%), but neither of these differences reached statistical significance (p= 0.998 and 0.722 respectively) Table 6 .
The distribution of the VEGF alleles among patients who didn't respond to treatment was significantly higher (42.1%) than patients in complete or partial remission when compared to responders who showed (0%) VEGF mutation (p= 0.017).ver-sus responders. But there was no significant difference between wild and mutant bFGF regarding the response to treatment (p= 0.604 ). Analysis of the distribution of VEGF and bFGF genotypes with respect to the age and stage was done and didn't show statistical significance.
DISCUSSION
Non Hodgkin Lymphomas are a heterogenous group of lymphoproliferative neoplasms with different presenting features, clinical course and response to treatment. In Egypt the National cancer Institute reported that NHLs are the third most common cancer in Egyptian men and the second in women. 12 
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The etiology of NHLs has not been fully elucidatedhowever, there is evolving evidence suggesting that formation of new blood vessels contributes to the progression of haematological malignancies. 13, 14 An important proangiogenic agent is VEGF, acting as a potent mediator of angiogenesis influencing proliferation, survival and tumour vascularisation. Another agent is the bFGF which plays an important role in vascular response by increasing endothelial cell proliferation, stimulating migration, and promoting angiogenesis. 8 This explains why the analysis of VEGF and bFGF genes in haematological malignancies has been recently attracting researchers' attention. 3, 8, 15 In our study the distribution of The VEGF and bFGF genotypes and alleles were analyzed in NHL patients and controls; The VEGF genotypes CC, CT and TT were detected in 52.5%, 42.5% and 5% of NHL patients respectively. The bFGF CC, CG and GG were detected in 62.5%, 32.5% and 5% respectively. In a study done by Wrobel and colleagues 8 on 78 NHL patients and 122 healthy controls, the reportedgenotype distribution was in agreement with our results; except that none of their patients presented with homozygous mutated genotype of VEGF or bFGF while it was least presented among our patients (5%). Also the allelic frequencies in our control group were in accordance with other studies as Galimberti et al. 16 , Kariz et al. 17 and Petrovic et al. 18 In the current study, individuals carrying the VEGF gene polymorphism were over two times more likely to develop NHL (OR= 2.714, p= 0.039). This relation wasn't recorded by Wrobel et al. [8] who found no significant association between VEGF gene polymorphism and susceptibility to NHL. On International Journal of Hematology and Oncology the other hand the presence of VEGF T allele was higher among patients than controls in both Wrobel and colleagues 8 patients and our patients but it didn't reach statistical significance (p= 0.051).
The results of the present study observed that patients with VEGF polymorphic features were more frequently presented with a higher IPI score when compared to both patients with low or intermediate IPI score and controls. This relationship didn't show statistical significance (p= 0.998). The same tendency of individuals carrying the VEGF T variant were over three times more likely to develop NHL was reported by Wrobel et al. 8 Few studies reported the role of polymorphic features in the genes coding for these two proangiogenic agents. A Chinese study on VEGF polymorphism analysed DNA samples of 431 NHL patients using Restriction fragment length polymorphism 19 , reported that none of the studied genotypes were significantly associated with gender, age, tumour size, B symptoms or immunohistological subtype. In contrast, our study revealed a significantly higher (p= 0.001) presence of B symptoms in patients carrying mutant VEGF.
Most of the studies published to date have detected the relationship of polymorphisms in the promoter region of the b FGF gene with proliferative diabetic retinopathy 18 and myocardial infarction 17 in patients with type 2 diabetes.
Wrobel et al. 8 , was the first study to describe the association of bFGF polymorphism and NHL. They detected a previously unreported association between bFGF gene polymorphism and a more unfavourable course of the disease. This strong tendency to aggressive NHL was detected in our work in patients carrying mutant forms of bFGF who showed more susceptibility to aggressive NHL compared to those with indolent disease (p= 0.010, OR= 17.818). These results were supported byWrobel et al. 8 , who reported that aggressive NHL patients were more than twice as frequently presented with the bFGF G variant as those with the indolent histological type.
Other studies detected SNP (single nucleotide polymorphism) mediated missense mutations at various positions of FGFR that significantly con-tributed to alterations in FGFR activity with a corresponding increase in tumorigenesis. 20 In their investigation of the FGFR genotype in more than 400 NHL patients,both Cha et al. 21 , and Gao et al. 22 , they reported significantly higher mutant genotype among NHL patients than controls.
In the present study the analysis of mutant bFGF genotypes revealed higher frequency among patients than controls but did not show a statistical difference (p= 0.230). These results are in agreement with Cha et al. 21 , and Gao et al. 22 Moreover it is worth noting that, the frequency of the polymorphic G alleles of bFGF was higher in NHL patients (21.2%) compared to 15% in control group, but this difference did not reach a statistical significance (OR= 1.529, p= 0.307).
The present study showed significantly higher polymorphic forms of VEGF alleles among non responders to treatment than those in remission (p= 0.017). This relation was not reported in previous studies Diao et al. 19 , who did not report an association of VEGF genotype and response to treatment. They also stated it was not significantly associated with gender, age, tumour size or immunohistological type. These findings were in agreement with our results except for the histological subtypes, where patients with mutant G allele of bFGF had significantly higher susceptibility to aggressive NHL compared to those with indolent disease and normal controls respectively (p= 0.010, OR= 17.818), (p= 0.014, OR= 3.818).
Enhanced angiogenesis may explain our findings of VEGF and bFGF mutant association with NHL especially the aggressive subtypes. Many studies correlated the serum levels and genotype of VEGF and bFGF and the and their NHL disease course and its prognosis.
This study could not detect the association between serum levels of VEGF and bFGF and the course of the disease due to limitation of sample size.This limitation could be a draw back in the study, but it will be taken asa future step to a broader study including larger number of both patients and healthy controls.
